A novel method of preparing the macrporous nickel coating was described. The macrporous nickel coating was fabricated by employing nano-silica as the template. The effects of technological conditions and the concentration of the additives on the surface quality of coating were investigated, the nano-silica was characterized transmission electron microscopy (TEM) and laser particle size analyzer, and the macrporous nickel coating was characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM). The experimental results showed that nano-silica particles were about 100 nm, the optimal technological conditions of electrodepositing nickel were that the cathode current density was 12 A/dm 2 , the temperature is 30 C and the pH value was 2.0, the concentration of lauryl sodium sulfate was 0.15 g/L and the concentration of glucide was 3 g/L, the macrporous nickel coating was obtained when the adding nano-SiO 2 content in the electroplating bath was 6 g/L and its structure was crystalline.
INTRODUCTION
Porous material is a new type of functional and structural material with good performance, it has prospective application in a wide range and has been a heated research area of functional material all over the world. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Porous metals with high surface area and even nanoarchitectures as well as novel properties, have been of great interest owing to its broad application ranging from lightweight structure, catalysis and electrochemical electrode, to sensors and photonic devices. [13] [14] [15] [16] Because the open porous structure allows rapid transport of gas and liquid, while the extremely high surface area is desirable for electrochemical reactions. Meanwhile, the performance and characteristics of the porous metal material are directly related to its structure, variations in the porosity, features and sizes of the pores can directly effect the performance of the material.
It is well known that the porous nickel materials with high surface area have wide applications in the fields of catalysts, highdensity data storage, lightweight * Author to whom correspondence should be addressed. structure, electrodes, and sensors. [17] [18] [19] [20] [21] Up to now, the techniques of electrodeposition using various kinds of templates have been developed in obtaining porous metals. [22] [23] [24] [25] One of the common ways to enlarge the real surface area is the utilization of Raney-type alloys from which the active component is dissolved by alkaline leaching. Caustic leaching of the alloy is accompanied by volume losses leading to pore and crack formation, yielding a highly porous catalytic nickel surface suitable for use in alkaline water electrolysis. Various techniques have been developed for the preparation of this type of electrodes, consisting in electrocodeposition of Ni-Zn alloys and Ni-Al alloys, 26 these findings indicate that it is difficult for this way to control the size of pores in the coating. The other ways is that the porous nickel was prepared with polyurethane foam as substrate. Firstly, the Cu was deposited on the polyurethane foam by chemical deposition process, after that nickel was electrodeposited on the polyurethane foam, finally the polyurethane foam was removed by high-temperature calcination, formed the porous nickel, but the experimental results showed that these are many disadvantages of this ways such as complicated processes, high cost and high-temperature calcination, the structure of nickel or other alloys would be destroyed because of the high-temperature calcination. The preparation of nanometer materials are developed with the development of nanotechnology, [27] [28] [29] [30] [31] [32] [33] including Nano-silica. Many literatures have reported the methods of preparing Nano-silica. [34] [35] [36] [37] [38] [39] [40] The present study is aimed at obtaining porous nickel coating on Cu substrates with good quality. Here we report a novel method of preparing the porous nickel coating. This kind of porous nickel coating was fabricated with nano-silica as the template, firstly the composite coatings with nickel and nano-silica was obtained by electrocodeposition, and then the composite coatings was immersed into sodium hydroxide solution, nano-silica was removed, formed the porous nickel. This method without hightemperature calcination was different from the conventional one, and the size of pore would change as the size of nano-silica changed.
MATERIALS AND METHODS

Reagents
Tetraethyl orthosilicate (TEOS) with analytical grade obtained from Tianjin DaMao Chemical Factory Co., Ltd. Ammonia, ethanol were purchased from Zhuzhou Institute of Chemical Industry. Ultrapure water from a Millipore system was used for preparing all the solutions. All other reagents were of analytical grade.
Apparatus
The surface of porous nickel obtained was characterized by means of scanning electron microscopy (SEM, Hitachi S-3000N). Transmission electron microscopy (TEM, TSM6360) and laser particle size analyzer (Marevin Co., Ltd., NANO-ZETA) were employed to investigate the size and distribution of nano-silica. X-ray diffraction (XRD) patterns were recorded using a Bruker D8 Advance XRD diffractometer equipped with a Gobel mirror, using Cu Ka radiation.
Procedure
The preparation of macroporous nickel coating consisted of the synthesis of nano-SiO 2 particles, the preparation of nickel coating, the preparation of Ni-SiO 2 composite coating and nano-SiO 2 dissolving in sodium hydroxide solution.
Synthesis of Nano-SiO 2 Particles
10 mL deionized water was dissolved in 180 mL ethyl alcohol, Ammonia (25% aqueous solution) was added into the solution. The reaction mixture was then stirred at room temperature for 10 minutes. Then 0.04 mol TEOS was added slowly and the dispersion was kept at room temperature for 12 h with vigorous stirring. Finally, the product was collected by centrifugation and purified through extraction with ethanol for five times and then dispersed in 100 ml of ethanol for next use.
Preparation of Nickel Coating
A Cu foil was immersed in the solution containing 185 ml/L thick hydrochloric acid, 7.5 g/L OP emulsifier and 5 g/L 6-methenyl-4-ammonium to remove the greasy dirt and rust under 50 C for 30 min. The Ni was cathodically deposited on the Cu foil from a citrate plating bath. An optimized plating solution contained 220 g/L NiSO 4 
Two additives, i.e., lauryl sodium sulphate (from 0 g/L to 0.06 g/L) and glucide (from 0 g/L to 4 g/L), were used as wetting agent and brightener, respectively. Cathode current density was form 8 to 16 A/dm 2 , the bath temperature was from 10 C to 50 C, pH was from 1.0 to 3.0, and the electrodepositing time was 10 min. Size Distribution by Intensity Fig. 2 . The size distribution of nano-silica particles.
Preparation of Macroporous Nickel Coating
The Ni-SiO 2 composite coating was obtained by adding nano-SiO 2 into the electroplating bath, and then the NiSiO 2 composite coating was immerged in highly concentrated sodium hydroxide solution, the template nano-SiO 2 microspheres were removed to form macroporous nickel coating.
RESULTS AND DISCUSSION
The Characterization of Nano-Silica
The TEM of nano-silica particles were showed in Figures 1(a) and (b), the nano-silica particles were microspheres and uniform in particle size, their diameters were about 100 nm. Nano-silica particles were characterized by Laser particle size analyzer (Fig. 2) , the results showed that the particles with a narrow size distribution were obtained and their average diameter were about 100 nm.
Electrodeposition of Nickel Coating
The Effect of the Technological Conditions
The effect of the technological conditions (temperature, cathode current density, pH value) on the surface quality of coating were shown in Table I . It showed that the surface quality of nickel coating got better and better with the rise of temperature, the surface of nickel coating got silvery-white and bright when the temperature was more than 30 C, which might be because the grains of Nickel were refined with the rise of temperature. The surface of Nickel coating got silvery-white and bright when the cathode current density was from 12 A/dm 2 to 14 A/dm 2 , the surface of Nickel coating got grey and half-bright when the cathode current density was less than 12 A/dm 2 , which might be because that the cathode current density was too small, sedimentary speed would be slow, resulted in the luster of the poor, but the cathode current density was too high, the convex department easily burnt, particularly on the edges of the coating. The pH value had an important effect on the surface quality of coating, the pH value was too small, the hydrogen evolution was serious, which resulted in many pores on the surface of coating and hydrogen embrittlement. The pH value was too high, it was very easy to generate hydroxyl compound, which resulted in blackening nickel coating. Therefore, the bath pH value was suggested to be 2.02.5. 
The Effect of the Additives
The additives in the electroplating bath mainly included brightener and wetting agent. The brightener principal effect was to increase the brightness of the coating, reduce the interfacial tension and refine the grain. The wetting agent principal effect was to improve current efficiency and inhibit hydrogen evolution. Lauryl sodium sulfate was selected as the wetting agent and glucide was selected as the brightener in the experiment. The effect of the additives on the surface quality of coating were shown in Table II . It showed that the surface of nickel coating got silverywhite and bright when the concentration of lauryl sodium sulfate was more than 0.15 g/L and the concentration of glucide was more than 3 g/L. Much pores appeared on the surface of coating when the lauryl sodium sulfate concentration was too low, the nickel coating got grey and half-bright when the glucide concentration was too low.
SEM of Nickel Coating
The SEM results of the nickel coating obtained at the optimal conditions were showed in Figure 3 . It was showed that the surface of the nickel coating was brightness and compact, had not appeared the phenomena such as craze, hole and tumour.
The Characterization of Macroporous Nickel Coating
As shown in Figure 4 (a), the Ni-SiO 2 composite coating was obtained by adding nano-SiO 2 into the electroplating bath, but nano-SiO 2 particles were not well-distributed on the surface of coating, the maximum particles size was 1 m owing to the aggregation of nano-SiO 2 and the bad dispersion stability in the electroplating bath. There were many big hallows on the surface of the coating when nanoSiO 2 microspheres were dissolved with sodium hydroxide solution if too much nano-SiO 2 was added, it resulted in poor performance of the coating. Therefore, the adding nano-SiO 2 content in the electroplating bath was suggested to be 6 g/L. The SEM and XRD results of the macroporous nickel coating obtained were showed in Figure 4 (b) and Figure 5 . It was showed in Figure 4 (b) that there was much pores on the surface of the macroporous nickel coating. It was showed in Figure 5 that its structure was crystalline, the Ni diffraction maximum were found when the 2 were 44.4 and 52.5 , which the relevant texture were (111) crystal plane and (200) crystal plane respectively. In addition, the Cu diffraction maximum was very obvious because of its porous structure.
CONCLUSIONS
We have described the preparation of macroporous nickel coating by employing nano-silica as template. This method without high-temperature calcination was different from the conventional one, and the size of pore would change as the size of nano-silica changed. This paper reports the initial results from the study on the possibility of using nano-silica as template, the macroporous nickel coating is obtained when the adding nano-SiO 2 content in the electroplating bath is 6 g/L, but nano-SiO 2 is very easy to reunite and has bad dispersion stability in the electroplating bath, so the surface area of the macroporous nickel coating is very difficult to improve. In order to further improve he surface area of the macroporous nickel coating, we are studying on the modified nano-SiO 2 and other nanoparticles, a more detailed investigation will be reported late.
